Objective-Transcranial double magnetic stimulation on the motor cortex was used to investigate central motor tract function in 16 patients with amyotrophic lateral sclerosis, five with spinal muscular atrophy, and 16 age matched normal controls. Methods-Surface EMG responses were recorded from the relaxed abductor pollicis brevis (APB) muscle. Results-Responses to test stimuli were markedly attenuated by a subthreshold conditioning stimulus given at a condition-test (C-T) interval of 1-4 ms in normal controls and patients with spinal muscular atrophy, but attenuation was mild in patients with amyotrophic lateral sclerosis. In the normal controls this suppression was caused by activation of the intracortical inhibitory mechanism because responses to electrical test stimuli and the H wave were not suppressed by the same magnetic subthreshold conditioning stimulus. In amyotrophic lateral sclerosis the effect of the conditioning cortical stimulus on the H wave was also in the normal range. Conclusion-The intracortical inhibitory mechanism may be impaired in patients with amyotrophic lateral sclerosis.
Subjects
Sixteen patients with amyotrophic lateral sclerosis (eight men and eight women, mean (SD) age 63-4 (6 5) years, duration of illness (9.7) months), five with spinal muscular atrophy (five men; age 55-5 (5-9), duration of illness 12-0 (8&7) years), and 16 age matched normal controls were studied. Selection of patients with amyotrophic lateral sclerosis was based on the following criteria: (1) progressive muscular weakness and atrophy; (2) fasciculations of the affected muscles; (3) clinical signs of pyramidal tract lesion; (4) abnormal needle EMG results characteristic of anterior horn cell disease; (5) absence of sensory signs; sphincter abnormalities, and dementia; (6) absence of conduction block and abnormal temporal dispersion; (7) motor evoked potential (MEP) at rest > 1 mV without temporal dispersion and normal threshold stimulation intensity at rest that produces MEP; (8) MEP latency on electric cortical stimulation of low intensity shorter by more than 1 0 ms than that in magnetic stimulation for the selection of patients in which magnetic stimuli activate I waves. Selection of patients with spinal muscular atrophy was based on slowly progressive muscular weakness and atrophy without clinical signs of pyramidal tract lesion, as well as on criteria (4)- (8) T) was used by conventional methods.5 The threshold stimulation intensity at rest is defined as the stimulus required to produce a MEP of at least 0.1 mV amplitude in at least 50% of the trials. The central motor tract conduction time (CMCT) and MEP amplitude:M wave amplitude (MEP:M ratio) were estimated by the conventional method of Eisen and Shybel. 5 The difference in the MEP latencies produced by electrical and magnetic stimuli was examined while the subjects maintained constant slight voluntary contraction (2%-5% of maximum) of the APB muscle. Electrical stimulation was given by a Digitimer D180 high voltage electrical stimulator through two AgAgCl EEG electrodes 9 mm in diameter, fixed at the vertex (cathode) and 7 cm lateral to the vertex (anode). The intensities of the electrical and magnetic stimulators were adjusted to evoke EMG responses of 1 mV.
DOUBLE MAGNETIC STIMULATION
For double stimulation two magnetic stimulators were connected to the same stimulating coil through a Bistim module (Magstim Company, Whitland, Dyfed, UK). During the examination the subject was asked to keep his or her eyes open so as not to fall asleep. Complete relaxation was ensured by monitoring the real time surface EMG activity at high gain. The subject received auditory feedback through a loudspeaker. The conditioning stimulus was applied to the same point on the scalp as the test stimulus at various conditioning-test (C-T) intervals. The respective intensities of the conditioning and test stimuli were adjusted to 90% and 130% of the relaxed threshold which was determined with the same figure of eight coil. In six of the normal subjects, the intensity of conditioning shock was varied from 60% to 100% of the threshold. We also compared the effect of a magnetic conditioning stimulus on the test responses evoked by magnetic or electrical test stimuli in four subjects. The intensity of the cortical electrical stimulus was adjusted to a level that produced a response of similar size to that evoked by the magnetic test stimulus at the relaxed APB muscle.
We used a condition-test design to investigate the time course of the effects. Conditioned and non-conditioned test shocks at different C-T intervals were intermixed randomly at intervals of four to six seconds. Eight to 12 responses per condition were collected, and their peak to peak amplitudes measured. At each C-T interval, the peak to peak size of the conditioned responses was expressed as a ratio of the size of the unconditioned response (MEP size ratio).
We also examined the correlation between the MEP size ratios at C-T intervals of 2 and In normal subjects the size of response to test shock was significantly reduced by conditioning shock at a short C-T interval when the intensity of conditioning shock was 90% of the threshold in both the APB (fig IA and C) and FCR muscles. This suppression was significant (P < 0-01) at C-T intervals of 1-4 ms in the APB muscle and at intervals of 1-3 ms in the FCR muscle, and was nearly significant at 5 ms in the APR muscle and at 4 and 5 ms in the FCR muscle (P < 0 05). The suppression was followed by facilitation at a C-T interval of 10 ms in both muscles (P < 0-01). When the intensity of the conditioning shock ranged from 60, 70, 80, 90, or 100% of the threshold for excitation, the sizes of responses to condi- For patients with amyotrophic lateral sclerosis, by contrast, the reduction of size of response to test shock by conditioning shock was significant only at the C-T interval of 1 ms, and was much less prominent at 2 and 3 ms than that in normal subjects (P < 0-01; fig 1 B and 1 C) . The facilitation at 10 ms was not clear, but the difference from that in the normal subjects was not significant.
For the patients with spinal muscular atrophy the reduction of size of response to test shock by conditioning shock at short C-T intervals was similar to that in the normal controls, and statistically there was no difference between the two groups ( fig 1C) . for the lack of the MEP suppression, but speculate that it is at the level of the cerebral cortex, rather than the spinal cord because sion the effect of the conditioning cortical shock on ic subthreshold conditioning stimulus the H reflex size was in the normal range. hand area of the cortex suppresses the Although the impairment of intracortical inhies produced in the relaxed hand bition in amyotrophic lateral sclerosis seems to by a suprathreshold magnetic test stim-be the simplest explanation for the present short C-T intervals in normal young results, changes in other actions which may 78 Kujirai et )ugh the exact site of the activation of or both, and this may explain the lack of supical neuron by magnetic stimulation has pression on double cortical stimulation of our be determined, the threshold for the I patients with amyotrophic lateral sclerosis. ' 
